On March 11, 2011, a Richter Magnitude 9.0 earthquake occurred in the ocean along a seismically-active tectonic plate boundary 120 km east of Japan's main island, Honshu. The earthquake launched a tsunami of immense magnitude, surging toward the Japanese coastline with limited time to warn coastal residents. As the tsunami crashed ashore, several nuclear power plants were seriously damaged, precipitating a succession of explosions and subsequently, containment structure leaks that sent significant amounts of radioactive material drifting over major population centers and later discharging into the Pacific Ocean.
Exposure to Hazards: Radiation
No nation compares with Japan in terms of its history of radiation-related mortality, injury, trauma, and multi-generational health effects. In the 2011 Japan disaster, the psychological effect of perceived population exposure to dangerous levels of radiation was amplified as the multi-week crisis was punctuated by reports of fires and explosions; failed attempts to cool the reactors; plumes of radiation; radioactivity burns to nuclear plant personnel; contamination of food and water; and increasing amounts of radiation from the reactor site. Unfortunately, at the time of this editorial, the radiation threat is ongoing. The adverse psychological effects of nuclear or radiation exposure among civilians have been well documented, providing guidance on expected outcomes following the Japan disaster. According to the Chernobyl Forum, convenened to mark the twentieth anniversary of the incineration of the Chernobyl nuclear reactor, mental health effects were reported to be the most significant public health consequences of the incident. 18 Distrust of government information, perceived radiation exposure and realistic uncertainty about future health effects are well-known risk factors for psychological distress. [19] [20] [21] [22] [23] [24] Moreover, toxic disasters can lead to stigmatization and discrimination of people and products from contaminated areas. 20, [25] [26] [27] [28] Human-generated disasters marked by perceived loss of control, such as radiation incidents, are particularly likely to produce serious psychological consequences. 29 The prolonged duration of psychological consequences is notable, extending for more than 20 years in the case of the Chernobyl nuclear plant disaster. 23, 27, 30, 31 Exposure to Loss: Tsunami For two weeks following the Japan disaster, numbers of deaths and missing persons increased daily, reaching a plateau in the range of 28,000 during the third week. 3 Mortality and population-wide bereavement will factor heavily in the trauma signature. 4 A particularly troubling aspect of the tsunami is the protracted period of time during which persons are missing with no physical evidence of survival or death.
Exposure to Change: Displacement Due to Tsunami and Radiation
One of the most profound types of change is sudden and prolonged displacement, documented to have a long-lasting psychological impact on survivors. [32] [33] [34] Two types of event-specific evacuation took place during the Japan disaster. First, the tsunami destruction displaced 550,000 persons who were subsequently living in temporary shelters throughout the affected prefectures four days after the tsunami. 2 Second, the Japanese government rapidly evacuated more than 175,000 persons living within a 20 km radius of the incapacitated Fukushima Daiichi nuclear power plant. 3
TSIG Summary
These highlights from the TSIG analysis of the 2011 Japan disaster indicate that a multiplicity of psychological risk factors, related to the degree and types of disaster exposures, predict significant and enduring distress and psychopathology in the affected population. Indeed, there now exists a promising window of opportunity to customize MHPS response to the event-specific exposures, rather than relying upon generic approaches that are uninformed by analysis of the unique attributes of this disaster.
Cross Society had 2,369 trained nurses ready to deliver MHPS services, particularly for children.
Guide MHPS Response Based on Psychological Risk Factor Assessment
One promising enhancement to infuse scientific evidence into MHPS response is analysis of the psychological risk factors at play in a disaster event. We recently developed a model to perform this function entitled, "Trauma Signature Analysis" (TSIG). 4 TSIG is based on the notion that risk factors for disaster-related psychological distress and impairment have been documented empirically and can be identified from early disaster situation reports ("sitreps"). Risk factor analysis facilitates post-impact/pre-deployment guidance to tailor MHPS response to the defining features of each disaster.
Trauma Signature of the 2011 Japan Earthquake Exposure to Hazards: Earthquake
The 2011 Japan Earthquake, at Richter magnitude M9.0, was 100 times stronger than the M7.0 earthquake that devastated Haiti in January 2010. As the strongest earthquake in recorded Japanese history, and the fourth strongest seismic event since 1900, this powerful quake subjected 39.5 million persons (31 percent of the Japanese population) to very strong, severe, or violent "ground-shaking." 5 The initial M9.0 "mainshock" was succeeded by 262 aftershocks of magnitude 5.0 or stronger within the first week, producing gripping fear in the moment, associated with potent traumatic reminders of the opening salvo. A subsequent M7.4 earthquake occurred just off the coast of Japan, close to the damaged nuclear reactor, on April 7, 2011. Although the earthquake caused minimal structural collapse and injury, the subjective experience of earthquake ground-shaking is known to provoke prolonged and profound fear and anxiety, including fear of death or grievous harm, well-documented risk factors for post-traumatic stress disorder (PTSD) and psychiatric co-morbidities. 6 Exposure to Hazards: Tsunami Despite sophisticated tsunami warning systems in a disastervigilant nation, the geographic location of the quake permitted very little time to warn of the impending onslaught. The University of Tokyo Earthquake Research Institute reported that the tsunami struck coastal areas closest to the epicenter within 10 minutes of the earthquake mainshock. 7 A sampling of specific exposures in the 2011 Japan tsunami included minimal warning, fleeing the roiling waters, near-drowning experiences, battering injury from flowing debris, witnessing the death of others in the flood waters, destruction of homes, displacement to shelters, and lack of information on substantial numbers of missing persons.
The evidence-based literature from the 2004 Southeast Asia tsunami has elucidated psychological risk factors for tsunami exposure that are applicable to the Japan crisis. 8 Degree and severity of exposure to the tsunami were strong risk factors for psychopathology. [9] [10] [11] [12] Special populations were identified as having disproportionate psychological consequences in a tsunami disaster, most notably children, 11, 13 women, 14 the elderly, 9 individuals with pre-existing mental illness, 15 and disaster healthcare workers. 16, 17 June 2011
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Implement Early MHPS Response Based on Scientific Evidence
Early psychological intervention is undergoing a phase of major advancement, following a post-9/11 decade of consensus-building 35 and dissemination of international guidelines. 36 In 2004, world experts convened to examine the science behind early psychological support and intervention. Their primary output was a landmark publication describing the five essential elements of early intervention, defined as safety, calming, connectedness, self-efficacy, and hope. 35 These five principles are known to be psychologically beneficial based on a far-ranging spectrum of scientific evidence and, collectively, they may assist disaster survivors to cope with the stressors and challenges of disasters. Nevertheless, almost no rigorous field evaluations of specific early interventions have been conducted. Australian researchers have considered how best to package and sequence early-and intermediate-term psychological interventions. These findings may be adaptable to the Japan disaster. In the aftermath of the severe bushfires in Australia in February 2009, an evidence-informed, three-level framework was developed, outlining recommended levels of care underpinned by an education and training agenda. Level 1 was consistent with current models of psychological first aid (PFA), 37 an approach recommended in international guidelines. 38 This approach includes the provision of information, comfort, emotional support, and practical support to those exposed to an event, with assistance provided in a step-wise fashion tailored to the person's needs. Psychological first aid does not purport to prevent the future onset of psychiatric disorders, such as PTSD. Instead, its goals are more modest, focusing on decreasing distress and promoting adaptive coping skills in post-disaster environment. 39 Level 2 care was designed for primary and allied health providers treating survivors with mild to moderate distress, including worry, sadness, insomnia, anger, decreased ability to function at work, school or home, or other psychological issues after the fires that did not warrant formal mental health intervention. A recently developed model called "Skills for Psychological Recovery" (SPR) was identified as appropriate for survivors with this type of ongoing distress. 40 Finally, Level 3 care focused on the minority of survivors who were likely, over time, to develop a diagnosable mental disorder. Based on international reports following previous disasters, 41 it was expected that the predominant disorders would be PTSD, depression, complicated grief, anxiety, and substance abuse. An intensive training program was developed for mental health practitioners to equip them to provide evidence-based treatments targeted at these post-disaster psychiatric disorders.
Despite significant progress in the previous decade, early intervention remains at the stage of "evidence-informed" and a robust evidence base is lacking. 42 For example, the use of psychological first aid has received endorsement from a series of expert panels 35, 36, 43, 44 and is the Level 1 approach of choice in the Australian three-tier model. 38 However, it has not been scientifically tested for efficacy in actual disaster field applications. 45, 46 Each major disaster presents opportunities anew for response improvement. The 2011 Japan disaster may provide the chance to conduct an independent field assessment of psychological first aid. The following factors interplay favorably to create this possibility: availability of PFA in the Japanese language, training and endorsement for the PFA approach, early post-disaster psychosocial support, and access to disaster survivors in orderly shelter environments, including segmentation of survivors by exposure (some survivors had radiation threat but no tsunami exposure while others were exposed to both tsunami and radiation hazards). Similarly, the Level 2 intervention (SPR) also awaits field evaluation. In contrast, strong evidence supports the identification and treatment of individuals with post-disaster psychiatric disorders (Level 3), the focus of our proposed components 4 and 5 for optimal MHPS response.
Conduct On-Scene Validated Mental Health Assessments
Remarkably, across most disasters, a significant proportion of the disaster-exposed population is minimally affected and able to adapt to the adverse circumstances, displaying considerable resilience. 47 In addition, significant proportions of survivors with initial psychological distress or impairment are anticipated to recover over time either spontaneously or with minimal support. 48, 49 The net result of these processes of resilience and recovery, when taken together, is that only a subset of the population will manifest long-term psychological difficulties or debilitating chronic health problems.
Nevertheless, although affecting a minority of the disasterexposed population, the psychological and physical sequelae of disasters vary by incident and subsume a range of psychiatric and general medical conditions. Disaster survivors may experience combinations of post-traumatic stress disorder (PTSD), depression, generalized anxiety disorder, alcohol and drug abuse, and complicated grief, occurring in tandem with such medical conditions as diabetes, lipid disorders, cardiovascular and respiratory diseases, and skin problems. 50 Taken together, there may be a significant disaster-related burden of illness.
We therefore believe that every effort should be made to provide on-scene, validated health and mental health assessment of disaster-exposed populations, conducted in the early postdisaster phase, to identify the most vulnerable individuals and to provide them with timely interventions in order to avoid a long-term, chronic course of illness.
Given the prescience of the Japanese response, in which initial medical and psychosocial needs assessments were conducted with sheltered survivors within the first two weeks, the 2011 Japan disaster provides a platform to systematically implement more sophisticated screening and surveillance early in the recovery phase. We advocate for using the best-validated assessment instruments, and carefully analyzing the screening data in a manner that rapidly identifies high-risk survivors and matches them with timely intervention. Careful analysis that examines exposure to disaster-specific psychological risk factors in relation to symptoms of psychopathology will provide the added dividend of advancing the science of disaster behavioral health.
Implement Culturally-Adapted, Evidence-Based Mental Health Interventions
To round out the comprehensive, multi-component approach, we suggest that persons with diagnosed psychopathology, or clinically-significant distress, be connected to systems of care that apply culturally-adapted, evidence-based mental health interventions. For this component, scientifically-proven treatments exist and ideally, disaster-affected individuals will be provided access.
For those individuals exposed to a disaster who develop prolonged and impairing symptoms of psychopathology, acceptable, feasible, ecologically valid and effective mental health interventions need to be made available. A number of psychosocial interventions have been evaluated and demonstrated to be efficacious for use with adults and children struggling with the impact of exposure to disaster trauma in communities around the world: Cognitive Processing Therapy (CPT), Interpersonal Psychotherapy (IPT), Prolonged Exposure, Narrative Exposure Therapy, and Trauma-Focused Cognitive Behavioral Therapy have shown effectiveness when delivered by local providers, whose professional background ranges from clinicians to laypersons. [51] [52] [53] These treatments include exposure-based interventions, narrative-based treatments, combinations of both, and interpersonally-focused therapies. It is especially important to provide these interventions in a manner that maximizes accessibility and minimizes stigma.
Conduct Post-disaster Surveillance of Community Mental Health and Facilitate Community Resilience
The ideal capstone to this sequence would be the ability to maintain long-term surveillance of the disaster-affected population, documenting both ongoing mental health sequelae and indicators of resilience. At this moment, early experiments are underway to jumpstart community resilience and the postdisaster phase represents the ultimate teachable moment for implementing resiliency programs. 54 The MHPS response to the 2011 Japan disaster offers great promise for closing the loop and completing the cycle.
Conclusions
We have used the example of the still-evolving 2011 disaster in Japan to illustrate the potential for an optimal, integrated, evidence-based MHPS response. Based on immediate prioritization of MHPS response (already achieved) and available guidance based on identification of salient psychological risk factors at play (presented here as a TSIG analysis), Japan is primed to implement and field test the most promising evidence-informed early interventions. These include PFA and SPR; validated assessment to identify high-risk survivors; provision of culturally-appropriate, evidence-based mental health interventions for survivors with significant distress or psychopathology; and monitoring the mental health and resilience of the disasteraffected population.
